Abstract
Introduction
Growth-monitoring has been an important component of child health care in many developing countries since the early 1980s. Growth-monitoring makes use of a chart showing the change in a child's weight over time to target supplementary feeding, promote health education, and facilitate epidemiological studies of the prevalence of underweight. Following successful trials in Nigeria [1] , UNICEF incorporated growth-monitoring into their strategy to promote child health, and it is now widely used throughout southern Africa.
In Zimbabwe, a growth-monitoring program based on the weight-for-age indicator in children under five years of age has been operating since 1987. The number of children weighed under this scheme is reported monthly for each district through the National Health Information System (NHIS). The number of children falling below the third percentile of the National Center for Health Statistics/World Health Organization (NCHS/WHO) reference population is also reported. This information has several possible uses. National underweight prevalence can be estimated to facilitate international comparisons, and provincial variation in the prevalence of undernutrition can be used to target resources geographically within the country. In addition, trends in prevalence can be examined to assess the impact of policy changes, such as structural adjustment, or environmental changes, such as drought.
Many potential sources of error exist for this system, such as miscalibration of scales, mistakes in plotting weight on the growth chart, and errors in data entry. However, the main difficulty in interpreting the nutritional information gathered through the NHIS is that not all children are weighed. Some children do not visit health centers at all and are therefore not weighed, whereas others are infrequent visitors to health centers. Many of the factors that affect attendance at health centers, such as household income, remoteness of the household from facilities, gender, health status, and religious affiliation, may also affect the nutritional status of the child. For example, children in lowincome households may be less likely to attend health centers (because of transportation costs and health fees) and may be more likely to be underweight. It is thus quite possible that the NHIS may underestimate the proportion of underweight children in Zimbabwe. Furthermore, the factors that prevent children from attending health centers may vary geographically, seasonally, and over time. In the case of Zimbabwe, for example, real expenditure on health care fell between 1990 and 1994 [2] , and cost recovery through user fees became increasingly important [3, 4] . If such changes affect attendance patterns and bias estimates of percentage undernutrition, then comparison between different provinces and different times becomes difficult.
This paper investigates the question of bias in the NHIS growth-monitoring data by two methods. First, patterns of attendance are examined geographically and over time. Second, prevalence patterns in the 1988 and 1994 Demographic and Health Surveys (DHS), which measured children in their home communities rather than at health centers, are compared with prevalence patterns in the NHIS data to see whether the two are different. The implications of this comparison for the use of growth-monitoring data are then discussed.
Methods

Assessment of growth-monitoring attendance
The NHIS collects information on the number of children weighed, as well as the proportion of children suffering from weight-for-age malnutrition. This means that the trends in attendance at the growthmonitoring program can be assessed, which provides one means of assessing the impact of the introduction of health fees discussed earlier.
In order to assess the proportion of children under five years of age being weighed under the growthmonitoring scheme, the size of the total population under five years needs to be estimated from census data. Between the 1982 and the 1992 censuses, administrative boundaries underwent considerable revision as the pre-independence system of government was restructured. Since both the provincial and the subprovincial boundaries in Zimbabwe changed, it was almost impossible to estimate the rate of population growth at a subnational level. Consequently, trends in growth-monitoring attendance are assessed here at a national rather than a provincial or district level. The Zimbabwean 1992 demographic census and the 1987 intercensal surveys indicate that the average annual percentage increase in children under five years of age over this period was 2.04%, lower than the growth of the population as a whole [5, 6] . This linear percentage increase for the period 1987 to 1992 was applied to the period of the NHIS data (1988 to 1995) to estimate the change in the under-five population from the time of the 1992 census onwards. The total number of children participating in the growth-monitoring program nationally for each month was calculated by aggregating the district totals for the period 1988 to 1995. When a district did not return any statistics for a particular month, total attendance was estimated by averaging the attendance figures from the previous and the following months.
A "snapshot" of attendance at growth-monitoring can also be obtained by comparing the attendance figures from the NHIS with the number of children under five years old recorded in the 1992 census. The census distinguishes between infants less than one year old and children between one and four years old, a distinction that is also used in the NHIS data set. This means that the two data sets are directly comparable for the month of the census, August 1992.
Comparison with the Demographic and Health Surveys
A second method of assessing the impact of variable attendance on the prevalence of undernutrition identified through the growth-monitoring program is to compare this estimate with anthropometric measurements taken in the children's home communities, rather than at health centers. Two such communitybased surveys took place in Zimbabwe in 1988 and 1994 under the DHS program funded by the US Agency for International Development. The first survey took place between September 1988 and January 1989 and included child anthropometry, fertility, AIDS awareness, and maternal and child health [7] . The second survey took place between July and November 1994 and covered child and maternal anthropometry, AIDS, maternal mortality, pill compliance, and availability of services [8] .
Anthropometric measurements were taken as part of the 1988 DHS for children aged 4 to 59 months, whereas the 1994 DHS covered children under 36 months of age. As anthropometric indicators (weightfor-age, height-for-age, and weight-for-height), the original age, height, and weight data were available for all the children measured, which allowed flexibility in defining age cohorts and applying anthropometric standards. The standard used in the NHIS (the third percentile of the NCHS/WHO population) can therefore be used to define the cutoff point for weight-forage in the DHS data. The NHIS distinguishes four age categories (under 6 months, 6 to 11 months, 12 to 23 months, and 24 to 59 months), so a comparison with the 1988 DHS data is only possible for the oldest of these cohorts. This can be achieved by including only those children weighed under the 1988 DHS who were six months old or more. Similarly, for the 1994 DHS, a comparison with the NHIS data set is only possible for the age cohorts under 6 months, 6 to 11 months, and 12 to 23 months. In estimating prevalence from the 1994 DHS, observations of underweight were weighted statistically to account for variation in sampling intensity across the country. Children with invalid weight-for-age Z scores (greater or less than 6 standard deviations) were excluded from the analyses.
The mean percentage malnourished nationally was calculated by using NHIS data for the same period as the 1988 and 1994 DHS surveys (September 1988 to January 1989 and July to November 1994). When a district did not return statistics for a given month, the value was replaced with the moving mean of the previous and following months' statistics.
Sampling theory enables DHS estimates of percentage undernutrition to be identified that are significantly different from NHIS estimates. The two DHS surveys used different sampling techniques: the 1988 survey was based on a simple random sample, whereas the 1994 survey was based on a stratified multistage sample. These differences in sampling mean that different significance tests are required for the two samples. For the 1988 survey, the standard error of the estimated proportion underweight in this simple random sample is given by
where se is the standard error for the sample proportion underweight, p is the proportion undernourished in the sample, q = 1 -p, and n is the size of the sample [9] . For the 1994 survey, the procedure for calculating the standard error of the proportion of underweight children was more complex because of the stratified sampling used. The standard error of the proportion of children underweight, as calculated from the total number of children weighed, x, and the total number of children underweight, y, can be estimated by
where a h is the number of primary selections from stratum h, z hi = (y hi -r•x hi )/x , and z h = ∑z hi summing over i. Within the equation for z hi , y hi = ∑ j w hij • y hij and x hi = ∑ j w hij • x hij and are appropriately weighted estimates of the total number of children weighed and the total number underweight within a given stratum h and Primary Sampling Unit i [10] .
The results from the two DHS surveys can also be broken down by province and compared with the results from the NHIS. This indicates how far the NHIS can be used for targeting areas with a high prevalence of undernutrition. Following the methodology adopted in a similar study in Malawi [11] , this geographic comparison was made in two stages. First, a test was made for significant differences between the NHIS and DHS undernutrition prevalence estimates for each province using equations (1) and (2) . Second, the correlation coefficient of the two different sets of estimates of provincial underweight prevalence was calculated. A test was also made for significant differences between prevalences according to age cohort. Descriptive statistics for the DHS surveys were then generated to identify possible changes in the nature of the sample between 1998 and 1994.
Results
Growth-monitoring attendance
Monthly growth-monitoring attendance, expressed as a percentage of the total population under five years of age, is shown in figure 1 . Attendance fluctuated from one month to the next, but overall rose quickly during 1988 and early 1989 and then increased slightly until 1992. After 1992, the proportion of children attending the scheme fell slightly. Over the whole period, the proportion of children participating in the scheme every month is estimated to have varied from 17.4% to 27.5%. Figure 2A shows the percentage of infants under one year of age weighed under the growth-monitoring program in August 1992, and figure 2B shows the percentage of children aged one to four years weighed in the same month. Nationally (excluding Umguza District, for which data are missing) the proportion of infants weighed was 50.4%. This was much higher than the proportion of older children weighed, which stood at only 17.5%. The proportion of infants weighed was highest in the more urbanized parts of Zimbabwe, whereas attendance was lower in the communal lands located in the drier parts of the country. Attendance was higher in central Mashonaland and Manicaland and lower in the provinces of Masvingo and Matabeleland South.
Comparison of the prevalence of underweight according to DHS and NHIS estimates
The provincial and national estimates of the prevalence of underweight from the 1988 DHS survey and the NHIS for this period are shown in table 1, and the same data for the 1994 DHS survey are shown in table 2. Applying equation (1) to these cohort estimates of prevalence suggests that the 1988 DHS provincial estimates of the prevalence of underweight among children 6 to 59 months of age were significantly lower than the NHIS estimates nationally and in five provinces, mostly in western Zimbabwe. The two sets of estimates for 1988 were not significantly correlated (R = .57, N = 10), although in both the NHIS and the DHS data, Harare and Bulawayo were the provinces with the lowest proportion of underweight. When the provincial prevalence was calculated only for children aged 6 to 23 months, a significant correlation between estimates was identified (R = .93, N = 10), and only one province, Masvingo, showed significant differences. When equation (2) was applied to the 1994 data, the national estimates of percentage underweight were significantly higher in the DHS survey than in the NHIS. Significant differences were also observed in Mashonaland West Province. In this year, there was a significant correlation between the NHIS and DHS provincial estimates of percentage underweight (R = .63, N = 10).
The difference between the NHIS and the DHS estimates of the percentage of underweight children was also assessed for the different age cohorts. Table 3 shows the 1988 DHS prevalence estimates compared with those from the NHIS for the same period. The DHS survey covered only children aged 3 to 59 months, and therefore differences in estimated prevalence were calculated only for the cohorts from 6 to 11, 12 to 23, and 24 to 59 months. The NHIS estimate of percentage underweight in the youngest age cohort is not significantly different from the DHS value. The NHIS slightly underestimates the prevalence of underweight in the two older age cohorts. Table 4 compares the 1994 DHS underweight prevalence estimates with those from the NHIS for this period. In this year, the DHS survey covered only children aged 0 to 35 months, and therefore the prevalence of underweight was compared only for the 0-to 5-, 6-to 11-and 12-to 23-month age cohorts. The NHIS 
a n 9 3 A p r 9 3 J u l 9 3 O c t 9 3 J a n 9 4 A p r 9 4 J u l 9 4 O c t 9 4 J a n overestimated the prevalence of underweight in the 0-to 5-month age cohort slightly, but it was not significantly different from the DHS value for the 6-to 11-month age cohort. A significant underestimation of percentage underweight by the NHIS was observed in the 12-to 23-month age cohort. Table 5 shows descriptive statistics for other respondent characteristics in the two DHS surveys. Between 1988 and 1994, there was a slight increase in maternal literacy and a decrease in fertility, as measured by the number of children ever born per respondent. Other characteristics, such as average maternal age, marital status, and mean birthweight, changed little between the two survey rounds.
Discussion
Comparison of the DHS and NHIS data indicates discrepancies between the two sources, with a tendency towards overestimation by the NHIS survey in 1988 and a tendency towards underestimation compared with the DHS in 1994. In 1988 the national estimates of underweight from the DHS and NHIS were different by only 1.3%. This finding is similar to that from earlier work [12] , in which the NHIS indicated that 11.4% of children under five years old were below the third percentile for weight-for-age, whereas an estimated 11.5% of under-fives in the 1988 DHS survey were below the 2.3 percentile for weight-for-age. Although the NHIS significantly overestimated the prevalence of underweight in the older age cohorts, such differences were small, and the broad pattern of underweight was very similar. The NHIS overestimated the prevalence of underweight in five provinces, including rural Matabeleland, Bulawayo, Masvingo, and Manicaland. There was no noticeable correspondence between the provinces where prevalence was overestimated and those identified as having low growth-monitoring attendance according to census data. However, the fact that the DHS and NHIS provincial estimates were much better correlated among younger children suggests that problems of bias are greater in the 24-to 59-month cohort.
By 1994 the NHIS was significantly underestimating percentage underweight, both nationally and for the 12-to 23-month age cohort. Province-level estimates of percentage underweight were significantly correlated between the two sources, and there were fewer significant differences between NHIS and DHS provincial estimates for this year. This could be attributed partly to smaller sample sizes and changes in sampling methods, leading to wider confidence limits on provincial DHS estimates. The significant difference in prevalence estimates for Mashonaland West Province did not appear related to overall growth-monitoring attendance, since attendance was higher there than in the other rural provinces.
The assessment of bias in each year has implications for assessing trends in underweight over time. Identification of trends is important in determining the impact of environmental and policy changes on child nutrition. Trend analysis is complicated here by the change in the age of children studied between the 1988 and 1994 DHS surveys. However, the DHS surveys suggest an increase in the prevalence of underweight between 1988 and 1994 in the 6-to 23-month age cohort, the group surveyed in both years. In contrast, the NHIS suggests that the prevalence of underweight declined in this age group over the same period. The trends in underweight identified through the two sources are therefore different. Increased prevalence of underweight in the DHS has also been identified using a cutoff of -2 SD and has been found to be particularly pronounced in urban areas [13] . Analysis of other DHS indicators suggests increased wasting but decreased stunting during the same period. The increase in percentage underweight in the DHS does not appear to be related to the sample characteristics in table 5. Although there were some changes in sample characteristics, such as a decline in fertility, these are part of a generally recognized trend in Zimbabwe. Rather, the spread of HIV/AIDS, structural adjustment, and drought have been suggested as possible causes of the observed increase [13] .
One possible reason for apparent underestimation by the NHIS in 1994 is a change in growth-monitoring attendance patterns. The analysis of attendance trends suggested that during the early years of the program, the government was successful in increasing participation in the scheme, perhaps partly because of the increases in real expenditure on health-care funding that took place at that time. The broadly similar percentages of children attending growth-monitoring from mid-1989 through 1995 suggest that cutbacks in health-care expenditure and the introduction of health fees have not led to drastic reductions in growthmonitoring attendance. The tendency towards underestimation observed in 1994 does not therefore appear to be related to a decline in overall growth-monitoring participation, although bias could still result from changes in the characteristics of those who do participate in the program. Differences could be further exacerbated by transcription errors, scale miscalibration, and problems of age assessment in the NHIS, although it is difficult to quantify these problems using the data sources here.
Apart from changes in the growth-monitoring attendees, discrepancies could also result from problems in the DHS. For example, if the initial sampling frame excludes certain children, the survey might not be representative. Most authors regard DHS data as nationally representative [14] , and as a result the surveys have been analyzed nationally for Zimbabwe [15, 16] and used to make international comparisons [17, 18] . The 1994 survey used the Zimbabwe Master Sample (ZMS), which was developed from the 1992 national census [13] . Although it is difficult to conceive of a more comprehensive sampling frame, the sample does therefore exclude those households who have migrated between 1992 and 1994, as well as a small number of women from the ZMS framework (4.4%) who were not interviewed.
Similarly, the DHS surveys may not be representative because of those children within the sample for whom valid weight-for-age data are lacking. Data were missing for 207 children in 1994 (9%), either because they were not measured or because weight-for-age data were invalid. However, a study of the 1994 DHS survey imputed Z scores for such children based on age and maternal level of education [13] . When these imputed Z scores were included in prevalence estimates, the reported percentage of undernutrition varied by less than one percent. This suggests that the impact of children lacking valid weight-for-age data on prevalence estimates was small in 1994. In the 1988 DHS, a greater proportion of the children selected (613 of 3,098, or 20%) were not weighed, the majority because they were not at home when the survey took place [19] . The greater disparity between national prevalence estimates in 1994 may therefore reflect more comprehensive sampling in the DHS in this year compared with the earlier survey.
Finally, there may be problems with weight measurements and the estimation of children's age. Enumerators for the DHS surveys are generally trained for three weeks at the start of each survey [20] and therefore should be well trained in measuring weight. Of greater concern is the quality of age data, which in some cases is based on recall by the mother and may also reduce the accuracy of DHS estimates. Thus, although the DHS cannot safely be treated as an absolute gold standard (i.e., an error-free representation of true underweight patterns), it is likely to be more accurate than the NHIS estimates.
Conclusions
Considering the financial and other constraints under which the Zimbabwean growth-monitoring data program operates, NHIS and DHS data are remarkably consistent. Although NHIS figures in 1988 overestimated the prevalence of underweight for several provinces, estimates nationally and by age cohort were broadly consistent with those from the DHS. In 1994 there was broad consistency between percentage underweight estimates by province from the two sources, although the NHIS significantly underestimated the proportion of underweight both nationally and for the 12-to 23-month age cohort. Both data sources indicated a lower prevalence in the urban provinces and an increasing prevalence of underweight with age. However, inconsistencies arose when trends were analyzed using the two data sets. The NHIS suggested a decrease in percentage underweight, whereas DHS data indicated an increase during the same period. The discrepancies are most likely to be due to selection bias in the NHIS data, but problems of age assessment in both data sets and incomplete coverage within the DHS could also contribute to these differences.
Comparison with findings concerning other growthmonitoring schemes in different countries suggests that data quality varies according to the details of how the scheme is implemented and the scale of the data used (whether at the national, provincial, district, or clinic level). At the national level, for example, a monitoring system in El Salvador overestimated undernutrition because a large number of sick children were weighed as part of the scheme [21] . In contrast, a Malawian scheme underestimated the prevalence of underweight children because it was based on measurements of healthy children taken at well-child clinics [11] . The Zimbabwean system, based predominantly on children seeking immunization, falls somewhere between these two cases. At the subnational level, the results presented here agree with findings in Botswana and El Salvador [21, 22] , where clinic-based data distinguished high prevalence areas. However, these results contrast with findings in Swaziland and Malawi [11, 23] , where clinic-based data could not distinguish highprevalence areas.
Although the conclusions reached are specific to Zimbabwe, the methodology may be applicable in other southern African countries operating growthmonitoring schemes. Because the data sets used (census information, DHS results, and computerized growth-monitoring returns) are available for many other southern African countries, such schemes could be evaluated by using the same methods elsewhere without additional data collection.
